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1. Introduction

Representative asymmetric activation modes:
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Lewis acidic metal combines X W strong and directional
i i i i JL double hydrogen bonds
with a chiral basic ligand R1T NR2 L yarog
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Coordinative interaction Double hydrogen-
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‘Lewis acid catalysis’ ‘Hydrogen-bonding catalysis’
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. . . R1JJ\R2 RO R Electrophile was protonated.
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Single hydrogen- Electrostatic interaction only

bonding interaction

‘Bregnsted acid catalysis’ ‘Chiral anion catalysis’
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1. Introduction

What is Asymmetric Counteranion-Directed Catalysis (ACDC) :

reagent(s) P*

<
N\
@ gt X

N

b

S

Asymmetric counteranion-directed catalysis refers to the induction of enantioselectivity
in a reaction proceeding through a cationic intermediate by means of ion pairing with a
chiral, enantiomerically pure anion provided by the catalyst.

Stablizing interactions in ion-pairs:

1. Coulombic attraction;

2. Hydrogen bonding interaction;

3. Even covalent bonding (not in enantiodeterming step)

Angew. Chem. Int. Ed. 2013, 52, 518 — 533.



1. Introduction

Early uses of chiral anions and their conjugate acids:

as tools for the resolution and spectroscopic analysis of chiral molecules

Rermoirgy €

Intellectual foundations of chiral non-coordinating anions

Ts
3 mol% [Cu(NCMey)][5] {N§

Ph”Xx + PhINTs
Benzene, 0 °C

10 11
86% vyield, 7% e.e.

Ph

ligand X % ee (CgHg)? % ee (MeCN)?
(R)-1 OTf 1(S) 28 ()
(R)-1 ClO,4 5 (5 28 (9
(R-1 Cl 17 (S) 28 (S)
(R)-1 PFs 33 (9 28 (9
(S)-2 OTf 66 (R) 2 (R)
(S)-2 ClOy4 57 (R) 2 (R)
(9)-2 Cl 26 (R) 2 (R)
(9)-2 PFg 33 (R) 2 (R

place the copper cation within a chiral pocket
created by two separate binaphthol fragments on
the boron center.

the achiral counterion affected ee value.

Org. Lett. 2000, 26, 4165-4168.
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2. Applications in organocatalysis

2.1. Chiral counterions in Brgnsted acid catalysis



2.1. Chiral counterions in Brgnsted acid catalysis

Early work using CPA by Terada (2004): R?
2 mol% cat. 1d NHBoc OO o
NBoc 1.1 equiv. acac Ac O\P//
> R o~ “OH
R1 H DCM, RT, 1h
re ¢
2, R' = subsititued phenyl group 3, up to 99% yield, 99% ee, 6 examples R2

cat. 1d, R? = 4-(-Naph)-C¢H,

Brgnsted acid catalysis or ion pairing?

Akiyama (2007): DFT study:

cat. 1e, R?=4-NO,CgH, HO

HO T
OSiMe3 @
10 mol% cat. 1e
0 » H';l

+

~ “OEt :
PhCH3, -78°C : CO,Et
Me P N
Ph 2
Me
100% yield, 96% ee, 87:13 syn/anti
e A
R2
O -H—0
P”0
7" SO0—H.,
¢ B}
S protonatlon hydrogen-| bondlng )

The lengths of O-H, N-H are changed dramatically through
protonation.

J. Am. Chem. Soc. 2004, 126, 5356-5357. C ) .
J. Am. Chem. Soc. 2007, 129, 6756-6764. CP1i



2.1. Chiral counterions in Brgnsted acid catalysis

NMR study :
Ove O
o “oH /©)\H
.

hydrogen bonds could be characterized by a combination of *H and >N NMR spectroscopy.

Possible activated modes: (300 K =26.8°C; 240K =-33.15°C; 200K = - 73.15 °C)

2D H,>N HMQC spectrum:
M
OH (1+2,.... 5
240K ( OHe» N} 15NH (1.20—«HN) -
| ppm
75
300K k :85
20 19 18 17 16 15 14 13 12 N

19 18 17 166 15 14 13 12 11 §/ppm

coexist simultaneously

\
O'P\o—H /@ o’ \0(3 /@ H?sc,?
H .
©/ 5 iy /©)\H both species OH(1-2,,,..,) and NH(1-2,.,,\)
Me

A. H (1"20...N) B. ">NH (1*20...4n) C. "5NH (2HY)
Angew. Chem. Int. Ed. 2011, 50, 6364 —6369.



2.1. Chiral counterions in Brgnsted acid catalysis

0 O
Q_ \__O \pz°
/P\ o’ \ ©
O 0-H, 0~\ 15N
5‘ H\ @ I
15N 15N
[ | H
Me Me

A. H (1"20...N) B. "SNH (1*20...4n) C. 15NH (2H%)

Influence of temperature:

a) 0.8
0.7 - ==
0.6 e .
\
0.5 - =
I 04 o PN _&— ="
. &
ratio 054 '
0.2 -
0.1 - BNH (1°2,....,0)
| ®OH (1+2,,...)
O L) ) L L] L]
200 220 240 260 280 300
TIK—

at low temperatures, the ion pairs NH(1-2,.,,,) are stabilized;
at increasing temperatures, the hydrogen-bonded complexes OH(1-2,,..,) become favored.

Angew. Chem. Int. Ed. 2011, 50, 6364 —6369.



2.1. Chiral counterions in Brgnsted acid catalysis

Previous chiral acid catalysts: Present design:

<« Small substrate —=

=0 Low High O=
~oy °F Loosely bound er. HO~
= substrate/ g v
intermediate
. . Sterically constrained
Open active site active site
Design of new chiral Brgnsted acid :
a b
R R R PN
OO OO OO [Electrophile] [ Nucleophile)
0 o o o' o o 0! 0° b
M 4 Y |':\ — .:\:?:"/'O- ht .":. - _.:;':.,-Ar : H
’P‘{;' /P*M?’M\op PG Sar Acidic H] !
oo NGe L Vs
R R R O'P"JO
3 4 5 N

w 3,3’-substituents on BINOL radiate away from active site;

= More than one base/acid pairs in 4 and 5;

= Low selectivity

Nature 2012, 483, 315-319.



2.1. Chiral counterions in Brgnsted acid catalysis

Previous chiral acid catalysts:

/ <« Small substrate — =

=0
e.r.

~OH Loosely bound er. Ho—

- —_—

substrate/
intermediate

Open active site

Design of new chiral Brgnsted acid :

c

d
R
O' 01 R
A
VPl PeO 0,0-syn 1 1
\_D T o_/ o, I'»\\ - 'r:l_no
PLASSAN
o} N 0
N J {shielded)
o o ©°
A | R
o~ M ) 00-ant R

6
» Bulky 3,3’-substituents restrict O,0-syn conformation;
= High rigidity;
= Steric blocking of alternative Brgnsted basic N-site;

= high selectivity

Nature 2012, 483, 315-319.

Low High O=

Present design:
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active site

N
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's
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Top view
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2.1. Chiral counterions in Brgnsted acid catalysis

Asymmetric spiroacetal:

©x*  HO
Y OH  cBA (HX*) 6b o f° . o@(
| n > via: N n
n n
n

n=0,1,2 up to 89% yield, 99% ee
(o] M ? (o)
€ o Me R = 2,4,6-MesCgH, (6a)
(0] o) 2,4 6-Et3CgHo (6b)
9-anthracenyl! (6c)
Me
dr=5:1 dr=23:1 dr=7:1

Non-thermodynamic configuration

Enantioselective Sulfoxidation:

6b (2 mol%), H,0 o
( o) 202 :

R1' \RZ S+ HX* !-I_X‘*
MgSO,, cyclohexane RO NR2 Nu: + H,0, 0. H Nu—O0 + H;0
12 - cat. H7 ~o”
R2 alkyl, aromatic ring up to 99% yield, 99% ee (
R“ = alkyl, alkene Nu:

H,0, could be activated in a well-defined and
narrow position within a chiral cavity

Nature 2012, 483, 315-3109.
J. Am. Chem. Soc. 2012, 134, 10765-10768



2.1. Chiral counterions in Brgnsted acid catalysis

Asymmetric Prins cyclization:

/\/l\ 5a (5 mol%) ) - -
+ Ty T o
[::I:ﬂ\H HO cyclohexane O wx ux
« 2 MS (5 A), RT, 5 d O Y. 9 5
\\+
@”" e

X 3
X=H((1a) 3a: 11% yield, e.r. = 95:5
X = OH (1b) 3b: 62% yield, e.r. = 97:3
A B
\ O HO. , Hydroxy group ortho to the aldehyde is
crucial for reactivity and enantioselectivity
(S,S)-5b
(S.S)-5a
o} catalyst (5 mol%])
)\/LLH HO/\/& cyclohexane /\\/HS ent catalyst time (days) conv. (3a) (%) er’
1a 28 MS 5 A, 22 °C 0 v 4 y V- Loa
1 4a 5 7 ND
2 4b 5 13 ND
3 sa 5 52 91:9
4 Sb 2.5 83 87:13
5 6a 2.5 >99 95.5:4.5
6 6b 2.5 >99 94:6
4(X=H)
5 (X =NO,)
seidic <ite pasic site = Electron-withdrawing nitro group

= Strong electron acceptor (NTf group)

High acidity
Angew. Chem. Int. Ed. 2015, 54, 7703 —-7706;
J. Am. Chem. Soc. 2016, 138, 10822-10825



2.1. Chiral counterions in Brgnsted acid catalysis

Asymmetric reaction of olefins relies on transitional metal catalysis:

Ln* CQDM'-. Uus n
-

g0

Activation of olefins via ACDC:

= high acidity to enable olefin protonation

a confined, enzyme-like microenvironment to
favor the desired transformation with high
selectivity

Organocatalysis (3b)

‘ Ar Ar R= 0\\ fp
QO J 00 S O
(S,5)-3 (5 mol Me o o .0 5S
,5)-3 (5 I'TlOl/o) 3 ! [N \‘CF
/\HJ‘\/\/OH - /\m | O /F‘:’N N O 8
6 CyH (0.2 M) 6 : O O NH N O CF,
2a | R R
f Ar Ar
! 3

60°C, 48 h
3a 3b

86% 95% (91%)
(Ar = 4-BuCgHy) 90.5:9.5 e.r. 97.5:2.5 e.r.

Science 2018, 359, 1501-1505.



2.1. Chiral counterions in Brgnsted acid catalysis

Activation of olefins via ACDC:

Ar =
R2 R2 S,5)=3b {5 mol% Me. © A U =
LS o 222 7Y
R" 1 CyH (0.2 M (M—-g2 <__ — p= —
n Y l: . ] \ R oY Y _ Q\fp
60°C, 2 d n R2 N/ YO nNuNO 7 \_4 R= 1, 8.~ CF;
1 2 == R R == = |
n=1,2 Ar Ar =
-3b
(5.5)-3 CF,
Me o ”'&, Me, @ BnD\# Me. o HO\# Me. o Me, o OCI\:-;_-\ e o Me
Ph— - ~, % % % % d % w r =
M~ T J O A AL A O
-—'N | _,N \f.
Ts— M. NH, s
Me C;I b Me
2b 2¢ 2d 2e 2f 29
89%, 97.5:2.5 e 94%, 95:5 eur, 94%, 97:3 e.r, 88%° 946 eur B66%, 973 e.r. (S)-Mefruside 75%, 97.5:25 e.n
B (1d) (1d) P (80 °C, 7 d)
Ilr_ \
-J [ Me Me Me — Me Me - Me
' o] =0 =0 - O e, = = 0
C O O ord O ord Oord . or0
N Vo \,)J \a::-f*'If ' N Fn=!
2h 2i 2j 2k 2l 2m 2n
83%. 95.545er.  41%, 92:8 e.r. 72%, 98:2 e.r. 85%,97.5:2.5e.r.  84%,98.51.5er. 87%, 96.5:3.5 er. 83%, 97:3 e.r.
(7 d) (0.5M,7d) (10°C, 7 d) (10 °C, 7 d) (5 d)
Me
— - 0
r \,x ® Y ’\,—-(_f \.,-(_/ ‘? i \"l/ ) { )
Br— \ K/ Mlec3"J\ \. =
20 2p 2q
94%, 98:2 eur, 76%, 98.5:1.5 eur. 89%, 98:2 eur, 89%, '34 5 55ern  70%, 94 6 e T0%, 92 5 7.5er. 53%, 92575ern
(4 d) (r.t., 1d) (0.5 M, 7 d) (7 d) (0.5 M, 7 d)

Only 1,1’-disubtituted alkenes worked in this reaction conditions.

Science 2018, 359, 1501-1505.




2.1. Chiral counterions in Brgnsted acid catalysis

Activation of olefins via ACDC:

O Ar Ar: e R= Np
O 0 ‘ \\Sfl ji CF3
A{«)JLA/OH ©I2 O mo /m O F':iN F;\ O S
6 CyH (0.2 M) O NH r~i Q CF,
1a 60 °C, 48 h
3a 3b
86% 95% (91%)
(Ar = 4fBuCaH4 90.5:9.5 e.r. 97.5:2.5e.r.
O
Me, N Q\\S& H 1,0
o I-' _,-’ S - N.,-'-S_\_\_\
Ph-*‘\/ / Ar l‘lwl A Ar PhJ\/\/OH

_|_;'/> + /
Ph—{ © Phj(;1 o
."’) H‘H“ ’il:l
Q\\éf H ) c'éf,o qu J‘i Cl')sl"/o
Ar” N Ef’ “Ar Ar” N le\I)l” “Ar
~P— =R~ ~P=p-P~
05 Vol |—— &gVl
TS1

Through DFT, The lowest energy transition state TS1 suggests
a concerted though asynchronous mechanism.

Science 2018, 359, 1501-1505.
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2. Applications in organocatalysis

2.2. Chiral counterions in Lewis acid catalysis



2.2. Chiral counterions in Lewis acid catalysis

The first example of asymmetric counteranion-directed Lewis acid catalysis:

'ﬁ' (R)-77-H (10 mol%), N3
N Ar - )J\
SiMesN5 (1 equiv), N~ “Ar

DCE, RT H
76 78
(1.5 equiv) 97%, e.r. 97.5:2.5

Ar = 3,5-(CF3),CgH3»

proposed catalytic cycle:

SiMesN, Q KD
*C ,P\ .
O O-SiMe;

79 76

o TMSN;

N—< » No reaction
Ar Without (R)-77-H
o (R)-77-H

N—< » No reaction
Ar NaN; or TBAA

TBAA = tetrabutylammonium azide

,—\‘{‘ O- SiMEg
0 (R)-77-H i N —{
ON—( 3 moderate yield Ar

HN3

' NaNj and TMSCI 0
- ,P\
00
. . . : --“N30’Sime3 workup 80
Chiral silane was generated in situ as active catalyst Q A1 — 78
-~
N~ “Ar

J. Am. Chem. Soc. 2007, 129, 12084-12085

81



2.2. Chiral counterions in Lewis acid catalysis

Enantioselective Mukaiyama aldol reaction:

OTMs  cat1-4 OTMS
CHO P (2 mol%) ~ CO,Me
O™ o e O F
0.2 M Et,O, RT :
5a 6a 12h 7a
Entry Catalyst Yield [%]® e.r!>
1 1 <2 -
2 2 <2 -
3 3 <2 -
4 4 >99 90:10
§ § C. ., Ul
OO 0. .0 OO 0.0 SO3H SﬁzH CF4
1N PL SO,CF, )
Ar Ar Ar Ar ,‘1'1 CF3
1 2 3 4
H Ti, i
Tf=0 g N=H > CgFs=C-H
exposed Tf .h
pseudo 0.,0 acid L — |
Co-symmetry g oM puies increasing Bronsted acidity
acid &
Tt
O O ,SiMeg T \—sim CeFs=C=SiM
Tf—0 , iMes < ers— = olvies
phosphoric acid disulfonimide T Tf
stronger Lewis acid worked better. | increasing Lewis acidity

Angew. Chem. Int. Ed. 2009, 48, 4363-4366



2.2. Chiral counterions in Lewis acid catalysis

Enantioselective Mukaiyama aldol reaction:

OTMS cat. 14 OTMS
CHO (2 mol%) ~_CO,Me
(L ome CUY T
0.2 MELO, RT g
. 12'h
Mechanism study: 5a 6a 7a

Ar
[o)

OO I_o OoTMS o} oTMS
S/

CD,Cl, (6 ppm H,0)
\NH + T4 3 aromatic region changed + + =
S* OMe OMe OMe

,,\\o NMR experiment
o
Ar

4,1 eq. 6a, 5 eq. 1eq. 4 eq.
Ar
(0] OTMS OO 1(,) o (0]
another 5 eq. of 6a ] i ] water sS=
» no change in aromatic region + + = —_— \NH +
OMe OMe S OMe
11
o 0
1eq. 9 eq. OO
Ar

Me

N

z
‘Bu N~ ‘Bu .
via:
base (inhibit any potential CBA catalysis)

1.2 eq in standard reaction, full conversion of product

Angew. Chem. Int. Ed. 2009, 48, 4363-4366 active catalyst generated in situ




2.2. Chiral counterions in Lewis acid catalysis

Ar FsC. | -CFs
h

Iy 3 mol% disulfonimide oTMS s=0 ~
s

+ TMSCN ~ >
R” “H Et,0, - 30°C R CN

up to 97% yield, 96% ee

o
O (S)-6b (1 mol%)
o . . @ Et,0, -20°C

0,
ZoMe (10 mol%)

Conventional approaches to enantioselective Asymmetric counteranion-directed catalysis with
Lewis acid catalysis: catalytic silylium ion equivalents (silylium ion-ACDC):
B chirality directly attached to Lewis acid W chirality at the counteranion
. . LM, ® R3Si. ® ©
B complexation between chiral catalyst and 0 G)x 0 X* B Coulomb interaction between chiral anion and
substrate vs. activated substrate
OR' OR'
B achiral counteranion present, J m silylium ion equivalent = highly active Lewis acid catalyst
if Lewis acid is cationic R R

Nature communication. 2016, 7, 12478.
Science, 2016, 351, 949.
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2. Applications in organocatalysis

2.3. Chiral counterions combining with amine



2.3. Chiral counterions combining with amine

Secondary amine:
CHO cHo
catalyst 1 (20 mol%), dioxane "y
>
MeoZ‘-‘IICOzMe
N ipr
H
(E)-citral (1.1eq) 71% yield, 90% ee

o / o / CHO
N N
via: +)* ﬁ)*
N
H2 Ph H2
R TFA TFA- hindered aliphatic substrate 2
. indered ali atic substrate
58% yleld, 40% ee 82% yleld, 40% ee < 5%pyie|d o ee g
Primary amine: iPr
AN
fo) tBquC NH3 o
R-TRIP™

catalyst 2 (20 mol%), Bu,0

MeO,C CO,Me
J'\/\/'( 99% yield, 94% ee
N

H
(1.2 eq.)

Angew. Chem. Int. Ed. 2006, 45, 4193—-4195.
J. Am. Chem. Soc. 2006, 128, 13368-13369.



2.3. Chiral counterions combining with amine

Enantioselective epoxidation of enals:

F3C ﬁ CF3 F3C ﬁ CF3
H H,
CF; (R)-TRIP CF; o CF; (R)-TRIP CF,
OHC z X catalyst 3 (10 mol%), dioxane OHC X CHO catalyst 3 (10 mol%), MTBE CHO
" " PR )l/\ ° g ko
% {BuOOH (1.1 eq.) 35 °C _ {BUOOH (1.1 eq.) 0°C
up to 84% yield, 96% ee, dr > 99:1 Trisubstituted enals 83% yield, 94% ee
Proposed catalytic cycle:
Ar
0 Ar/\+)
TRIP™ tBuOOH AT Ar AN A
| Hn0 | " _
¥/’ z H H(R)-TRIP Z "H | (R)-TRIP
(0] o’
A o~ K o~ +\K
AN B-1 B-2
Afﬂ,ﬁ.ﬁf\r TRIP—H ,r r
TRip-H 1 BuO *;(LH
O B . . . .
am The primary product of the cyclization, C, is a
Ar  Ar . . chiral iminium—TRIP ion pair. This indicates that
Product L, ) Enantiodeterming step o _p .
Ve < the transition state leading to C will also have
+ H,0 H)jzo tBuOH ion-pair character.

C

Angew. Chem. Int. Ed. 2008, 47, 1119 -1122.



Outline:

2. Applications in organocatalysis

2.4. Chiral anion binding from hydrogen-bonding catalysts



2.4. Chiral anion binding from hydrogen-bonding catalysts

supramolecular complex: ACDC:

S
re JC R re
|

S

N’Rr

H H H |!| >~ anion
B

A Y .
Ay .
A Q
anion { ®
A

A: anion remains achiral
B: the complex of thiourea and the leaving group can be considered to be anionic part

N,Bn Ac\N,Bn MezN\n/'\N N
cat. 4 (1 mol%), AcCN : H H

| :
>
©)\H toluene, -40 °C | N CN Ac t.Bn 2 |
v | S
. cat. 4 H
94% vyield, 96% ee

Pictet-Spengler-Type Cyclizations of hydroxylactams:

Me tBu S
R1 o R1 '!l : )I\ *
. n-C,Hs” N~ TNV
5
N cat. 5 (10 mol%) N (0] H H
R2 \ > o2 \ o N
N’ HO TMSCI, MTBE N \ /
3 4
3 H R 3 H R
R R cat. 5

up to 94% yield, 99% ee

Angew. Chem. Int. Ed. 2007, 46, 612 —614.
J. Am. Chem. Soc. 2007, 129, 13404-13405.
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2.5. Chiral counterions in phase-transfer catalysis



2.5. Chiral counterions in phase-transfer catalysis
Chiral anion phase transfer catalysis compared to chiral cation PTC:

Phase Halide Phase Proton
transfer  Abstraction AgX transfer  abstraction HB
AgB MB
HA* Nucleophilic R*A*  x = halide Q*X electrophilic Q** R"
additon B = basic anion additon
* = chiral cation
A* = chiral anion
M = metal
R—Nu NuH R—E E—X

Asymmetric ring opening with anionic chiral PTC:

Ph

Ph_ _CI :Dﬁ(j
j/ 15 mol% cat. 6 Ph

Ph” N AgB, PhCH; o

- u_o

0 _P ) *
\
racemic (o)

J. Am. Chem. Soc. 2008, 130, 14984—-14986.



2.5. Chiral counterions in phase-transfer catalysis

Asymmetric ring opening with anionic chiral PTC:

2a; R =Ag
2b:R=H The failure of Ag,CO, to promote the

- . reaction alone is consistent with PTC role of

Ph the phosphrate anion.

:D:‘(:l HO\JV o D"k phosp
Fh 3 j’
—G-E’D Fh D
\D)*
L A 4
entry catalyst AgB additive yield (%:)7 ee (%)°
1 2a Ag,CO4 none 77 04 - .

[ ” 7a AgOTs  none 28 56} Addition of more soluble silver compounds
3 2b Ag:CO;  none 74 94 such as AgOTs led to significantly lower ee
4 2b none none trace ND d t titi f th hiral .

5 Cone ApCOs  none trace ND ue to competition from the achiral anion
6 2b AgrCO;3 4A ms 84 04
7 2b (recycled) Ag,CO4 4A ms 83 04
7N
HN_cCls H W oo [ N
Y 0-P ) Ph_
Y I hl date as |
15 molcat 6 | ph RY-OH :]’ Trichloroacetimidate as leaving grou
Ph”” "SR! N o PhCH3, RT | ~gps 58 P
o - o
racemic HZNJI\CCI;, © I:’\0 >

J. Am. Chem. Soc. 2008, 130, 14984-14986.



2.5. Chiral counterions in phase-transfer catalysis
Asymmetric electrophilic fluorination with anionic chiral PTC:

z CgHy7
I_R oF
o \ I ‘ - R OO
5 mol% cat. 2b, 1.5 eq. selecfluro (o) )¢ o
>
NH o

O 1.25 eq. Na,CO3, 23 °C N
up to 96% vyield, 97% ee

Selectfluor

( {insoluble) :"_Cl
o 2BF,
NaHCO4 0" "O~Na+ [NJ 4
2a
Na,COj (1,-—CI 2 NaBF,
N+
NaBF, IS BFe
. O. ﬂ o o
0._.0 ﬂ-{- P—:.
‘ z Ni-0._.0 ~p? 99
CO’F(‘OH /N o) ( 0- [NJ o)
2b
13 chiral :on pair
12
anti-
oF fluorocyclization

0. Ar
° (J
—Ar NH
: ®
5 6

science 2011, 334, 1681-1684.



4. Conclusion

= Fjve reaction modes of chiral anion: realization of asymmetric reaction in good selectivty

1. in CBA catalysis: 2. in LA catalysis
(0} O, (0]

( \p20 ( N0 C \o©
o \O—H o \O_ .y o’ N\ -

X x* o'

A A A

R H R H R H
X=0, N

3. chiral anion combining thiourea 4. chiral anion combining with amine

S
+
R R (o)
\NJ\N, < \p20 NHR,
| 1 s\ -
H‘ H O 0 Rt R?
X
5. chiral anion in PTC
(o) Phase transfer O\ (0]
. N0 T» * p?
/P\ O/ \OAg
(o)
OH BH
AgB

= Most substrates restricted to aldehyde or ketones in CBA and LA catalysis
= Application in photocatalysis, activation of alkene or alkyne

Ar
e
s=0

\NH buried acid with big subtituents

Sﬂ
11\
Ar
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